Currently, there is a trend toward thermal ablations of the great saphenous vein (GSV) and away from open surgery such as stripping. By using these new techniques, at least some of the groin tributaries remain open, sometimes all of them. Literature shows that this does not increase the recurrence rate, which contradicts previous opinions.
Furthermore, in the current debate on the pathogenesis of varicose veins, venous valves are still discussed controversially. [1] [2] [3] Hitherto, it is still uncertain whether primarily missing or insufficient valves or the weakness of the venous walls cause varices. 3 Reflux of blood at the saphenofemoral junction (SFJ), a segment that corresponds to the French term "crosse" 4 , has been detected by duplex sonography in 66% of the patients with saphenous vein incompetence. 5 These findings are confirmed by the main risk factors of varicose veins, family history, and pregnancy. 6 Fischer also found a 60%-recurrence rate at the SFJ when following up a maximum of 34 years after ligation of the GSV. 7 He described a single varicose trunk from the former SFJ in 24.8%, and recurrence from the neighborhood in 17.6%. 7 A retrospective analysis of 536 cases of re-surgery showed the existence of a remaining superficial epigastric vein (SEV) in 80% of all cases; 40% showed two major tributary veins, and as much as 30% even had three remaining major superficial tributary veins. 8 In general, venous valves are necessary to maintain the blood flow in the direction of the heart. 9 Venous valves operate as blood flow modulators, 10 which open when blood passes and close through the decreasing flow velocities rather than by a reflux into the sinuses of the valve. 11 Thus, valves open and close in a cycle with a frequency of 19 times per minute in an upright position and 35 per minute in horizontal position. 11, 12 Venous valves also play an important role in several phlebologic diseases such as leg ulcer and thrombosis, and they can also be a reason for venous bypass failure. 13, 14 All superficial tributary veins should discharge into the GSV between the terminal and preterminal valve. 4, 15 Thus, the exact position and the frequency of both the venous valves in the GSV and at least the major superficial tributary veins (MSTVs) gain in importance. According to Hach, the terminal valve (TV) should be located within 0.5 to 1.5 mm distally to the orifice of the GSV into the common femoral vein (CFV). 16 The preterminal valve (PTV) should be located 3 to 5 cm distally to this TV. In 1945, Glasser described 19 different patterns of the MSTVs at the SFJ. 17 These patterns were resumed by Lang and Wachsmuth. 18 The "normal" case with all five MSTVs draining into the GSV forming a "venous star" should exist in 37%. 19 Other authors presented simplified classifications. [20] [21] [22] None of these studies related these patterns to either the TV or PTV of the GSV.
The aim of this study was to investigate both the valves within the GSV and the orifices of the MSTVs. Analyses should provide data to contribute to the question concerning the position and frequency of the TVs and PTVs and their relation to the orifices of these MSTVs that discharge into the GSV.
MATERIAL AND METHODS
From September to December 2005 and from October to November 2006, we dissected the GSVs from 114 formalin fixed bodies in a range of 25 centimeters from the orifice of the GSV during the regular dissection courses. In 2005, we dissected 72 cadavers and published the preliminary results concerning the positions of their valves. 3 In 2006, we dissected 42 additional cadavers. All cadavers were derived from the Division for Clinical-Functional Anatomy of Innsbruck Medical University, bequeathed by informed consent. 23 All cadavers were Caucasians. There were 62 female and 52 male specimens. Their mean age was 79.3 years (minimum 43 years, maximum 103 years), and their mean height 168 cm (Table I) .
Due to the fact that some veins were dissected inadvertently by students and one cadaver showed the amputation of the right lower extremity, the final total count was 217 legs (109 left and 108 right ones) of 114 bodies to dissect. After locating the GSV and its MSTVs (Table II) , we carefully exposed the GSV, the entrance of the GSV to the CFV, and the adjacent parts of the CFV. Then, we opened the GSV longitudinally towards the orifice and the adjacent parts of the CFV in order to preserve the valves. We cleaned the lumina of the veins with diluted formaldehyde and identified the valves macroscopically. The measurement of the position of the valves and the entrances of the MSTVs was performed in situ by means of a tape measure from the distal point of the opened orifice of the GSV into the CFV to the nodule of the valve or to the proximal point of the orifice of the tributary vein into the GSV, respectively (Fig 1) . We documented each specimen photographically with a Nikon D100 (Nikon Corporation, Tokyo, Japan) and by means of a distinct protocol.
Analysis of data was performed by SPSS 15.0 (SPSS Inc, Chicago, Ill) and Excel 2003 (Microsoft Inc. Redmont, Wash). The level of statistical significance was set to P ϭ .05.
RESULTS

Positions and frequencies of valves
None of our specimens showed macroscopic signs of varicose veins above the knee, and no valve presented obvious macroscopic deformations or alterations that might indicate functional insufficiency. Descriptive statistics of all mentioned valves are given in Table III. In the left specimens, we found the first valve of the GSV in all 109 legs within a range of 0.0 cm to a maximum of 7.2 cm distally to the orifice of the GSV. Their mean distance was 0.7 cm. In the right specimens, the first valve was present in all 108 legs within the range of 0.0 cm to a maximum of 5.8 cm distally to the orifice of the GSVs; their mean distance was 0.8 cm. A second valve existed in 93 left cases with a mean distance of 4.0 cm and in 89 right legs with a mean distance of 4.6 cm. The most proximal second valve (shortest distance to the orifice of the GSV) was found on the right side at 1.5 cm and on the left side at 1.4 cm.
In a total of 60 cases (27.6%), we identified a third valve, in nine veins a fourth, and in two veins, an additional (Table IV ; Fig 2) . On average, the specimens possessed 2.26 valves on the left side and 2.07 valves on the right side; the difference was statistically significant (P 2 ϭ .000). A one-way analysis of variance test (ANOVA) revealed a significant age-related decrease in the number of valves for both sides (left: P ϭ .004; right P ϭ .008).
Taking as a basis the strict definition of a TV that it lies between the orifice of the GSV and the most proximal MSTV, 4 it was obvious that not all first valves could be real TVs. Recalculating the numbers of those valves, we could find only 75 TVs (TV 1 ; 68.8%) on the left side and 77 of them (71.3%) on the right side. Under the assumption that a PTV is located distally to the most distal entering MSTV (PTV 1 ) 4 , we found only 54 (49.5%) on the left side and 64 (59.3%) on the right side. In 21 cases, this PTV was the first and in 18 cases even the third valve found (Table V) .
Positions and frequencies of major superficial tributary veins
The following results cover only those MSTVs, which actually enter the GSV; those veins that entered the CFV directly (SEV: N ϭ 4; SCIV: N ϭ 3; SEPV: N ϭ 4) were excluded from further analysis.
In total, we found 803 MSTVs entering the GSV, an average of 3.7 veins per GSV (Table VI) . Left GSVs had significantly more MSTVs (P 2 ϭ .000). We could not find any significant differences in the total number of valves and positions of veins in respect to gender and age. Descriptive statistics are summoned in Table VII ; the histograms are presented in Fig 3. Superficial epigastric vein. The SEV entered the GSV in 78.3% (170/217); the vein entered the GSV 1.2 cm distally to the orifice of the GSVs on average. The SEV was the most proximal MSTV, in 103 cases forming a common trunk, and in 19 cases as a single vessel.
Superficial external pudendal vein. The SEPV was most frequent and was found in 90.3% (196/217). The mean distance to the orifice of the GSV was 1.6 cm. The SEPV entered the GSV as the most proximal, and thus, the last, MSTV as a single vein in 33 cases, and in 39 additional cases as a common trunk with one to three other MSTVs.
Superficial circumflex iliac vein. The SCIV joined the GSV in 82.9% (180/217). This vein entered the GSV at a mean distance of 1.1 cm to the orifice GSVs. The SCIV joined the GSV as the most proximal MSTV on its own in 34 cases and in 101 cases as a common trunk.
Anterior and posterior accessory saphenous veins. The two accessory saphenous veins were less frequently observed. The AASV discharged into the GSV in 50.7% (110/217),and the PASV in 67.7% (147/217). The AASV was the most proximal MSTV in 45 cases as a common trunk and in five cases as a stand-alone vein. The PASV contributed to a most proximal common trunk in none cases and in two cases as a single vessel.
The AASV entered the GSV also within a quite short distance to the orifice of the GSVs (mean: 2.0 cm), whereas the PASV entered the GSV further away (mean: 7.3 cm).
The "venous star" of the GSV
A complete "venous star" of the MSTVs, as it is described in several textbooks was present in only 18.4%. In one case, we found no MSTV discharging into the GSV. Most often, we found a variation with all five MSTVs except for the AASV. In total, we found 25 of 32 possible variants of the "venous star" of the MSTVs. Adding the information about the formation of common trunks between different MSTVs, the number of patterns increases up to 69 different ones. 
DISCUSSION
It is quite surprising that none of our specimens showed obvious varices of the GSV or its tributary veins above the knee. Of course there may have been unrecognized telangiectases or reticular veins (C 1 A S1 ) even at the groin, crural varices (C Ն2 A S3,4,5 ), or affected deep (A D ) or perforating veins (A P ); such entities would not have affected our investigation of the SFJ. Furthermore, in a certain number of patients, light varices or insufficiencies may have receded.
We must state that we only measured those MSTVs, which discharged into the GSV. All other veins, which discharged either into the CFV or other veins, were registered, but not included in the detailed analysis. For instance, the SEV was found to exist in 21 of 22 cases (95.5%), with one case where the SEV drained directly to the CFV. 24 Therefore, our data do not account for the existence of each of the MSTVs, but accounts only for whether it drained into the GSV or not. Only when draining into the GSV, such a MSTV contributes to the "venous star" and furthermore to the concept of TVs and PTVs. Additionally, one has to consider those small veins, minor superficial tributary veins, and deep tributary veins discharging into the GSV, which arise, for instance, from local lymphatic nodes or small perforating veins. Moreover, also a superficial dorsal vein of the penis or clitoris may drain directly to the GSV. 25 The definition of distinct patterns of the "venous star" formed by the MSTVs emerges to be of only minor academic and almost no clinical interest. The number of possible patterns, based on the sequence of entrance and the formation of common trunks, exceeds any usable quantity, the conventional type widely described in literature being not the most frequent one. 25, 26 On the other hand, a reduction to several "composite" patterns, as was suggested several times, is of minor value since the patterns proposed do not differentiate the entrances at the SFJ.
An important topic for discussion deals with the PASV. Comparing the data of the PASV with the four other MSTVs, it became obvious that this vein is somewhat different. Whereas SEV, SEPV, SCIV, and also the AASV, had mean distances to the entrance of the GSV to the CFV within 1 to 2 cm, the PASV showed a mean distance of 7.3 cm. Furthermore, it is less frequent than the other MSTVs. It is therefore debatable whether this vein should be counted among the MSTVs at the SFJ, or classified as a mere distal tributary vein at the thigh. Furthermore, this distinction is important for the definition of the PTV.
We therefore recalculated the PTV (resulting in PTV 2 ) by omitting the PASV from calculation. Descriptive statistics are given in Table III . Based on this recalculation, we can now state that a PTV is present in 84.8% of cases; among these, it was 30 times the first valve we encountered, and in nine cases it was the third valve (Table V) .
The data of this study confirm our previous conclusion 3 that a TV does not always exist. Actually, 70.1% of our GSVs showed such a TV, far less than we supposed before. In our previous article 3 with a limited number of specimens, the MSTVs were not included in the analysis. Therefore, we used in that study a different definition for TVs and PTVs, based on the ranges defined by Hach. 16 For reasons of comparability, we also recalculated our recent data according to this definition. TVs as defined by our previous article 3 (presented in the tables as TV 2 ) were present in a total of 184 out of 217 cases (89.4%). Their mean distance to the SFJ was 0.5 cm. The main difference to our previous article is therefore a noticeably less frequent incidence. Several valves which have been defined as TVs by the definition of Hach 16 have now been found to be valves situated distally to one or more MSTVs. According to the stricter definition of a TV used in this study, those valves had to be disregarded as TVs. Similar considerations apply to the PTVs. In our previous study, PTVs (presented in the tables as PTV 3 ) were found in a total of 196 out of 217 legs with a mean distance of 4.0 cm to the orifice of GSVs (90.3%), again more than we could identify now.
With the limited incidence of TVs, one can assume that this finding depends on the relatively high age of our specimens and rely on the fact that the number of valves is supposed to decrease with increasing age, 27,28 a statement supported by our data. Nevertheless, one has to be aware that the comparison of the age-dependent histogram (Fig 2) reveals an initial decrease, but that during later life, above the age of 70 years, there is no further decrease. For the first three age groups, the total number of specimens was that low that a realistic significance could not be calculated. However, a mere age-dependent reduction was already refused by Powell and Lynn in 1951. 28 In their opinion, the reduction of valves is due to a previous, often unnoticed, thrombosis of the valvular sinus. In such a case, one should find at least some remnants, but we could not confirm any remnants of valves in those cases. Similar to Bouchet, 29 we can state that our study is in conflict with the second law of Bardeleben 27 that says that the inter-valvular distances are always equal to a fundamental distance of about 7 mm in adults, or to a simple multiple of this distance. In our study, we did not find such a constant inter-valvular distance. Simply calculating the distances between the first and second valves of both the left and right GSV, we averaged a distance of 3.31 mm (min: 0.7 mm; max: 7.4 mm; SD: 1.3265) on the left side and an average distance of 4.0 mm on the right side (min: 1.0 mm; max: 11.8 mm; SD: 1.9839); which is in accordance with the data given by Gottlob and May 30 . In contrast to these authors who stated 3.5 valves on average in the region of the thigh, our specimens showed a lesser number of valves. Bardeleben's first law that each tributary is accompanied also by a distinct valve 27, 30 had to be rejected for our specimens. We did not find any MSTV that was associated with a distinct valve.
The idealized saphenofemoral junction
Derived form our data, an idealized SFJ can be described as follows (Fig 4): • Just distal to the orifice of the GSV into the CFV (approximately 4.4 mm) a TV can be found in 70% of the cases.
• The SCIV, present in 83% of the cases, joins the GSV from lateral at 10.8 mm.
• The SEV, present in 78% of the cases, joins the GSV from proximal at 11.9 mm.
• The SEPV, present in 90% of the cases, joins the GSV from medial at 16.9 mm.
• The AASV, present in 51% of the cases, joins the GSV from lateral at 20.5 mm.
• The PTV, present in 85% of the cases, can be found at 41.5 mm distally to the orifice of GSV.
• The PASV cannot be counted among the MSTVs at the SFJ, but is situated distinctly below the PTV at 73.9 mm measured from the orifice of the GSV.
Using a strict definition whether a valve should be named either "terminal valve" or "preterminal valve", we will find that many of TVs or PTVs are completely missing. For the TV this means that in a considerable number of patients reflux from the CFV to the GSV and further on into the MSTVs might occur. Furthermore, we find the TVs to be less frequent than the PTVs. Thus, the reflux should be directed to the MSTVs. Accordingly, one should assume that almost one third of our specimens should have had a reflux to the MSTVs and at least 10% of them a further reflux into the GSV itself. Of course, it is possible that reflux exists without exhibiting varicose veins. Nevertheless, at least some of our specimens should have shown varices, which was not the case. Additionally, varicose GSVs with a competent terminal valve were described. [31] [32] [33] We found a significant difference in the number of both tributaries and valves. On the other hand, data from a French study showed no difference between the left and right side. 34 When a significant difference in both number of tributaries and valves is found, one can conclude that the initial role of venous valves in the development of varices is a very small one, if it is existing at all.
All this is important for a thorough understanding of the SFJ with all the implications for successful treatment of varices, either by surgery or endovenous techniques, and furthermore for the possible development of recurrent varices. According to the guidelines of the German Society of Phlebology, the ligation of the GSV should be performed strictly at the confluence of the GSV into the CFV; 7, 35 but very often the SFJ is not exposed sufficiently during crossectomy. As several major superficial tributary veins join the GSV within the first millimeters, a thorough exposition and dissection of these vessels is obviously crucial for a long-lasting success. Sometimes, it is recommended to spare the SEV during crossectomy by dissecting the GSV immediately distally to this vein. In these cases, the surgeon has to be aware that not only the SEV is spared but that other superficial tributary veins remain also.
Because of the recent trend towards thermal ablations of the GSV and away from stripping, the groin tributaries remain open. On the one hand, literature shows that these interventions do not increase the recurrence rate, thus contradicting previous convictions. On the other hand, it is possible that the competence of these tributaries before the treatment play a role in selecting the treatment options. This would require a thorough investigation of the flow not only in the GSV but also within these tributaries by means of duplex scans; and thus, both the exact location and the correct identification of the tributary veins, major and minor, are important.
Further anatomical studies will have to investigate (1) those superficial and deep tributary veins that discharge directly into the CFV, (2) the deep tributary veins discharging into the GSV, and (3) the minor tributary and perforating veins at the SFJ of the GSV. Clinically, the reliability concerning the identification of the groin tributaries by duplex ultrasound is unknown and should be investigated. To match the duplex data with our anatomical data in regard to frequency and location of these tributaries will be one of the ways to address this issue. Therefore, our anatomical data on the location of the valves will help to select the optimal regions for reflux measurements: 2 to 3 cm from the junction for the TV and Ͼ5 cm for the PTV. 
